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Benthic Ecology – The organisms which dwell on the surface of the substrate or in the sub layer of ocean floors or lakes
Brundtland Commission’s Definition of Sustainability – Development to meet current needs without preventing future generations from also being able to do so (Brundtland Commission, 1987)
CADW – Body for the historic environment in Wales
Ecosystems Enhancement Programme – A programme intended to enhance the biodiversity of the local area
EIA – Environmental Impact Assessment
Smolts – A term used for a young salmon or trout, when at the age this it is ready to migrate to the ocean
Term of subsidy – A length of time that a public body provides finance to an organisation to regulate the cost of a service or product
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The aim of this report is to analyse the potential environmental, social, cultural and economic impacts likely to be produced by the development of the Tidal Lagoon Project at Swansea Bay.

This shall be achieved by investigating the potential benefits and challenges linked to the project, including; socioeconomic factors such as job creation, or if there are any expected environmental impacts on the natural environment. It is also the intent of this report to analyse the potential for the project impact upon the biodiversity of the local area. Cultural benefits such as tourism will also be discussed, as well as social aspects including the creation of safe space for recreational activities.
This report will also look to explain what a tidal lagoon is, as well as discussing some of the pilot technology intended for the Swansea Bay project. As this is an energy-based project, this report will also briefly discuss the associated costs in relation to other forms of energy generation, to include both unit and development costs to contribute to the economic discussion and analysis. 
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Essentially, a tidal lagoon is a breakwater built out into the coast, with a collection of integrated hydro turbines located in its structure. In the case of Swansea Tidal Lagoon, this will be a world first tidal lagoon power plant, with the ability to generate energy 4 times a day with both the incoming and outgoing tides (Tidal Lagoon Power (a), 2016). Tidal lagoons are a form of technology whereby water is captured using a barrier to create a difference in water level. As water is then released, the difference in height between a high and low tide is used to generate electricity. This type of power plant has similarities to that of a tidal barrage, with both forms usually utilizing Bulb Turbines (Hendry, 2016). An example of this form of turbine to be used at Swansea bay is shown below:

[image: tidal-lagoon-technology]
(Tidal Lagoon Power (f), 2016)
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To mitigate the effects of future climate change, there have been numerous attempts to agree on goals to reduce emissions across the globe, including the recent Paris Agreement, 2015. However, if the UK continues its present course, it’s unlikely to meet the target of 15% of energy supply to be sourced from renewables by 2020, as there is currently a need to further  implement & utilize renewable energy sources (Mackinnon et al, 2018). As with most construction projects, there will be an expected carbon emission associated with the construction phase of the Swansea Tidal Lagoon (estimated at 642,000 tonnes). However, when operational the project could offset as much as 236,000 tonnes of Carbon annually through energy generation, giving the lagoon potential to be carbon neutral in as little as 4 years (Waters & Aggidis, 2016).
Similarly, there is also evidence to suggest that by the year 2030, there is potential for the project to reduce the UK emission reduction targets by 0.9% annually as well as generating a reduction in fossil fuel imports of £0.5 Billion (UK Parliment, 2016). However, even with these suggestions, the recently published independent review into the project concluded that, as the Swansea Bay tidal lagoon project is yet to progress further than its conceptual stage, it is not possible to fully understand the lifecycle environmental impacts that it could impose (Hendry, 2016).
However, to make effort to address this concern, computer modelling has taken place in relation to the projects potential to impact on ecosystems and wildlife. For example, there is potential for the lagoon to cause adverse effects on the natural migratory patterns for certain fish. Results have shown that the expected mortality rate for Salmon and Sea Trout Smolts is around 3.6%, which is considered to be suitable, although unfavourable (Waters & Aggidis, 2016). There is also evidence to suggest that Tidal Lagoon Power (the developer of the project) has already been working to identify areas for compensatory habitat, to offset potential negative impacts, known as an Ecosystems Enhancement Programme (Hendry, 2016). In addition, as part of the Tidal Lagoon’s EIA, the developer has acknowledged that there is potential for the project to have implications on the water quality of the local area. Although there should be no direct pollutants causes by the development, the suggested implications for water quality could include: 
· Water salinity changes
· Sediment movement changes
· Flow changes
· Temperature changes
(Tidal Lagoon Power (c), 2016)
Such impacts would require thorough investigation to determine the true effects of these issues, with the developer suggesting that this has already begun through the use of numerical modelling (Tidal Lagoon Power (c), 2016). The same EIA has also identified the potential for the project to impact upon the benthic ecology of the local area, with investigations into potential impacts already being conducted by the developer (Tidal Lagoon Power (d), 2016).
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It is anticipated that, if tidal lagoon energy generation were to be implemented in the UK, it could provide approximately 20% of the annual energy demand for Britain (Waters & Aggidis, 2016). To put this into context specifically for Swansea Tidal Lagoon, when operational it has the potential to provide energy for up to 155,550 homes, equivalent to 90% of the homes around the Swansea Bay area (Tidal Lagoon Power (b), 2016).
There is also evidence in literature to suggest that as tidal lagoons are still under development, there is potential for the UK and its universities to educate persons with a unique skill set, linked to extensive environmental monitoring of tidal lagoons, that could then be utilize globally (Hendry, 2016). In relation, further literature suggests that, given that the Swansea Bay project goes ahead, this could lead to the further construction of an additional five tidal lagoon projects throughout the rest of the UK. Given that these additional projects were completed, there is then potential for a £3.7 Billion increase to exports by 2040, through a reduction of dependence on fossil fuel sources, as well as exports of knowledge, tidal electricity and manufactured components (CEBR, 2014). 
The tidal lagoon project also has potential to have positive impacts on the supply chain and other industries. For example, it is known that in recent years, the UK steel industry has faced its share of challenges. To produce the Bulb turbine technology an estimated 11,200 tonnes of steel would be required for the Swansea project alone, outside of the potential for other lagoons around the rest of UK. Therefore, this project has been described by some companies as a potential lifeline to the ongoing success of their businesses and could contribute to saving existing jobs as well as creating new (Hendry, 2016).
In relation to the economic impacts of the lagoon, there would be the costs of the project to consider. Although the estimated construction cost of the project is at £1.3b, there are also the term of subsidy and unit costs to consider. Until very recently, the developer has asked for a 90-year subsidy from government, as well as unit cost per megawatt hour of £123 (BBC, 2018). However, recent developments have led to the developer offering a new deal to Government, whereby there would be a 35 year subsidy arrangement, similar to that of the Hinkley Point C development, making it a comparable project in terms of the subsidy duration required (Youle, 2018). Such developments have the potential to make it far more economically viable as a form of renewable energy source for both Wales and the UK, and have the potential to enable the project to become a reality in the near future. 
However, the lagoon has not been without its challenges from an economic perspective and has faced criticism in the past. When responding to a call for evidence regarding the project, the charity Citizens Advice has suggested, that from a value for money perspective the project is dreadful, in relation the initial price per megawatt hour of £168 (Citizens Advice, 2015). This call for evidence goes on to suggest that from a sustainability perspective, it could be argued that such a proposal would be not be deemed sustainable. This based on the Brundtland Commission’s definition of sustainability, in the sense that the needs of the present generation would not be met with such a high price of energy for the duration of 35 years, even if this was to reduce into the future (Citizens Advice, 2015). This demonstrates that from an economic view this is an ongoing issue for the project, and a revised subsidy and price has now been submitted to the UK Government recently, to rectify this issue as discussed above. 
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It is anticipated that the Swansea tidal lagoon project is likely to have socio-economic benefits such as job creation. It has also been estimated that this potential could be up to 2000 short term, and 80 long term jobs (Waters & Aggidis, 2016). However, there is disparity between authors regarding the potential figures for job creation. By comparison, the independent review commissioned by the UK Government, predicts a slightly higher figure of 2260 full time employment jobs (Hendry, 2016). It is therefore not fully conclusive as to the total amount of jobs the project is likely to create; however, it could be assumed that it would be in the range of these suggested figures.
There are also sociocultural benefits expected for the region if the lagoon is built. These include factors such as an increase in tourism, as well providing an area for recreational activities including; swimming, sailing, running and cycling (Waters & Aggidis, 2016). Similar uses and benefits for the lagoon are also expressed directly by the developer. However, they also suggest that the project would allow the provision of a facility for sea angling, canoeing and rowing (Tidal Lagoon Power (b), 2016).
From a cultural perspective, as a further part of the projects EIA, the developer has also identified the potential for visual implications of the lagoon technology, as well as suggesting the potential for loss of historically significant marine assets. This is due to the change in the behaviour of the tide underwater caused through construction that could potentially erode the seabed. The developer suggests that the extent of these issues needs to be established with professional bodies such as CADW before commencing works in Wales (Tidal Lagoon Power (e), 2016).
It could also be argued that the project has the potential for Wales to contribute to the goals and principles of the Well-being of Future Generations Act (2015). For example, as the project has the potential to become carbon neutral in 4 years after commission, help secure jobs, reduce emissions targets and provide education opportunities, it would therefore contribute directly to the Prosperous and Resilient Wales goals of the Act (Welsh Government, 2015). In evidence provided for the independent review into the lagoon project, it is suggested that due to the potential for an area of recreation & sport activities, provision would be made to allow society to adopt a way of healthy living (Hendry, 2016), attributing directly to the Healthier Wales goal of the Act. It could also be argued that due to the potential for the technology to provide cleaner energy, which could also be exported around the world, the project would contribute to global capacity to adapt to climate change and would be taking into account the wellbeing of other areas outside of Swansea Bay. The Swansea Tidal Lagoon would therefore contribute to the Globally Responsible Wales goal, as it would be beneficial to global wellbeing (Welsh Government, 2015).
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To conclude, a tidal lagoon such as that proposed for Swansea Bay is essentially a breakwater, that has the ability to capture water and create a difference in the level of the incoming and outgoing tides, creating energy as the difference is released. The proposal for Swansea faces numerous challenges from economic, social and environmental standpoints, as well as having the potential to create many benefits for the Swansea, Wales, the wider UK and other parts of the globe. Potential benefits discussed include:
· Creating a carbon neutral energy source in 4 years post completion
· Contribute to the meeting emissions reduction targets, as well as reducing dependence on fossil fuel sources
· The technology has the potential to provide 20% of the energy supply needed to support Britain upon development of further projects
· Unique education opportunities
· Job creation on both a long-term and short-term basis
· Enabling the provision of safe space for recreational activities, leading to an increase in tourism
· Contribution to achieving the goals and principles of the Wellbeing of Future Generations Act (2015)
· Positively impacting upon the associated supply chain and other linked industries
However, the proposal is not without it’s criticism. By comparison to these potential benefits the negative implications for the project could also include:
· Impacting negatively on the mortality rate of migratory fish; including Salmon and Sea Trout Smolts
· Impact upon the water quality of the local area
· Impact upon Benthic Ecology
· Potential to negatively impact historically significant marine assets

On this basis it is therefore a recommendation of this report that further investigation is carried out into the above issues, to ensure that their negative influence is prevented and mitigated as much as possible, should the project advance beyond the conception stage. 
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